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PREFACE

As one component of the decision process, water program off ices at the
Federal,  State, and local levels along with advisory cit izen groups have per-
ceived the need to consider the beneficial  and detr imental effects of pol icies
tha t  a f f ec t  wa te r  qua l i t y . In  response,  the U.S. Environmental Protect ion
Agency’s Off ice of Pol icy Analysis sponsored the development of this Benefi t-
Cost Assessment Handbook for Water Programs. This experimental handbook
w i l l  n o t  s h o r t - c i r c u i t  a n y  F e d e r a l ,  o r  l o c a l  w a t e r  q u a l i t y  l a w s . Rather,
it provides suggestions about how to evaluate the economic aspects of a pro-
posed policy as a regular part of the decision process. These evaluations can
ident i fy  water  qual i ty  po l ic ies  that  have h ighest  pr ior i ty ,  so that  soc ie ty ’s
resources can be directed to the areas that wi l l  have the greatest benefi ts.
They also can serve as one of several analyses that support the decision proc-
ess for any specif ic water qual i ty pol icy. Such an approach can help assure
the attainment of our Nation’s water quality goals with a minimum expenditure
o f  r esou rces .

The Benefi t-Cost Assessment Handbook for Water Programs is a primer.
It assumes only a limited familiarity with economics. Throughout the handbook,
case studies help to clar i fy points. Data needs, key assumptions, and other
relevant points are covered for dif ferent ways of determining the relat ionship
between desirable and undesirable effects of a program decision.

S ince  wa te r  p rog ram o f f i ces  have  begun  t o  move  t owa rd  t he  use  o f
benefit-cost concepts, the scope of the handbook is broad enough to explain
how to  conduct  benef i t -cos t  assessments  in  d iverse app l ica t ions.  The costs
and health benefi ts of dr inking water pol icies are covered elsewhere, so this
handbook concentrates on the benefi ts and costs for other water programs.
Although most of the examples in this volume are for hypothetical water quality
standards decisions, the tools can be appl ied to a broad spectrum of water
quality decisions, and even to environmental issues in general.

I f  there is  suf f ic ient  in terest  in  th is  exper imenta l  approach,  a  second
volume may be developed to provide more in-depth discussion of the benefi t-
cost assessment for use by pract i t ioners. It also may be desirable to tailor a
similar document for specif ic water programs. The Off ice of Pol icy Analysis
welcomes comments and suggestions, which may be directed to:

Ann Fisher
U.S. Environmental Protection Agency
401 M Street, S.W.
Office of Policy Analysis (PM-220)
Washington, D. C. 20460
(202) 382-2783
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Why are the acknowledgments always the last section to be written
in any report? This quest ion,
toward the end of a project,

which often occurs on the way to work
is l ikely one without a definite answer.
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on an earl ier chapter prepared by Metasystems, Inc., and part icularly
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most of the examples are
Assistance on the cost chapter came

from the Off ice of Analysis and Evaluation under Louis Dupuis. John
Kukulka and Joe Yance from the staff suggested many helpful revisions
in support of the project.

Office of Policy Analysis staff members provided valuable detailed
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CHAPTER 1

BENEFIT-COST ASSESSMENT: A COMMON
SENSE APPROACH TO DECISIONS

1.1  INTRODUCTION

Should a State change the designation of impaired uses for a river? Will
a  sewer  over f low pro jec t  prov ide benef i ts  in  excess o f  costs? Is advanced
waste treatment necessary to attain a river’s designated uses? Are treatment
plants more desirable on some rivers than on others?

This handbook--a primer on benefit-cost assessment--shows how economic
principles can help decisionmakers make these dif f icult  choices. I ts  pr imary
intent is to demonstrate the common sense inherent in benefi t-cost assess-
ments of alternative choices. In addition, this handbook shows how to add an
economic dimension to scientific and technical analyses in considering the full
range of impacts from a proposed water quality action.

Since they focus on the alternatives avai lable to society, economic prin-
ciples are especially relevant to water quality program problems. Specif ical ly,
the economic  v iewpoin t  recognizes that  the scarc i ty  o f  soc ie ty ’s  resources
forces cho ices among a l ternat ives . However, choosing among alternatives
creates  t radeof fs - - i .e . , one thing must be given up to attain another. Thus,
wa te r  qua l i t y  dec i s i ons p r o d u c e  b o t h  d e s i r e d  a n d  u n d e s i r e d  e f f e c t s  f o r
society. Benefit-cost assessment simply uses economic principles to help the
decisionmaker make these choices.

Water qual i ty programs implement regulatory mandates or provide assist-
ance  e i t he r  t o  t hose  adve rse l y  a f f ec ted  by  t he  regu la t i ons  o r  f o r  spec i f i c
projects. Principles covered in this handbook could be applied to:

Eff luent guidel ines issues that require l imits on specif ic indus-
tr ial  discharges.

Water quality standards issues where States designate uses for
water bodies and develop criteria to achieve the uses.

Advanced treatment issues where the Federal Government pro-
v i des  f i nanc ia l  ass i s t ance  t o  cons t ruc t  mun i c i pa l  t r ea tmen t
plants that require advanced technologies.

Combined-sewer  over f low issues where Federa l  ass is tance is
prov ided to  dea l  w i th  munic ipa l  runof fs  that  c reate  po l lu t ion
problems.
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This chapter discusses the basic pr inciples in a benefi t-cost assessment.
Specif ical ly, Sect ion 1 .2  prov ides an overv iew of  regu la t ion,  us ing l inkages
between regu la tory  act ions,  e f fec ts ,  and changes in  behav ior .  To h igh l ight
the basic principles, Section 1.3 describes benefits from an economic perspec-
t ive ,  and Sect ion 1 .4  deta i ls  a  s imi la r  d iscuss ion for  costs .  The bas ic  con-
cepts  o f  benef i t -cost  assessment  are  descr ibed in  Sect ion 1 .5 ,  a long wi th  a
step-by-step view of an assessment. Section 1.6 gives some groundrules for
performing an assessment and Section 1.7 summarizes the key points in the
chapter. Final ly, Section 1.8 provides a guide to the remainder of Volume I
of the handbook.

1.2 REGULATION: AN OVERVIEW

Understanding how benefi t-cost assessments can be used is easier with
some knowledge of how a regulat ion affects economic act ivi t ies. The  key  to
this understanding is the l inkage (shown in Figure 1-1) between (1) a change
in  a  regu la t ion (an act ion) ,  (2)  i ts  techn ica l  e f fec ts ,  and (3)  the behav iora l
responses to it.

Figure 1-1. Effects and responses to water quality regulatory actions.
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One example of an action represented by the f irst two blocks in Figure
1-1 is a change in the uses designated for a water body and the associated
modif icat ions of technical water qual i ty cr i ter ia to accommodate these uses.
The action changes effluent levels and the resulting water quality and ecolog-
ical habitat--al l  of which affect households and businesses, the primary eco-
nomic agents. A change in effluent levels simply means more or fewer pollut-
ants wi l l  be discharged into the water body, thus alter ing overal l  water qual-
i t y . The changes in water qual i ty alter the diversity of microorganisms, f ish,
or flora and fauna and can noticeably change the local ecological habitat. The
magnitude of the technical effects depends on specific water body characteris-
t ics, the nature of the pol lutant being control led, and the extent of control.
For  example,  r iver  depth,  f lowrate , and r iverbed geology wi l l  in f luence the
technical effects of changing the designated uses of a river to include a warm-
water f ishery.

Not  a l l  water  qual i ty  programs are regulatory  programs.  For  example,
the combined sewer overf low (CSO) program aims at direct ly enhancing water
qual i ty  by  reduc ing the surge of  po l lu tants  fo l lowing a severe s torm.  Even
in these programs, a determination of the linkages between the project and its
technical effects is essential.

Equally important to benefit-cost assessment is how businesses and house-
holds are affected by the action. For example, i f  improved water qual i ty wi l l
support a warmwater fishery in a watercourse, more gamefish will likely inhabit
the r iver, thus enabl ing f ishermen to catch more f ish--the technical effect on
the household. However, to achieve the level of dissolved oxygen necessary
to support gamefish, regulat ion might be required so that f i rms clean up their
d ischarges in to  the r iver .  From soc ie ty ’s  v iewpoin t ,  therefore ,  ac t ions have
both beneficial  and detr imental effects.
consideration of both types of effects.

Maximizing the public good requires

Determining how beneficial  and detr imental effects balance out requires
considerat ion of the f inal l inkage-- how primary economic agents change their
behav ior  in  response to  techn ica l  e f fec ts .  For  example,  i f  the techn ica l  e f -
fec ts  o f  a  water  regu la t ion (e .g . , an increase in gamefish populat ions) al low
f ishermen cur rent ly  us ing a  watercourse to  use i t  more,  new users  may be
at t rac ted to  the s i te . In  economic  terms,  th is  s i tuat ion is  descr ibed as in -
creased demand for a si te’s recreation services. The amount of the demand
increase wil l  be determined both by site attr ibutes (features) and by the site
users. Impor tant  s i te  a t t r ibutes inc lude the prox imi ty  o f  subst i tu te  f ish ing
streams, the number of access points, and the qual i ty  o f  loca l  natura l  fea-
tures,  such as the sur rounding count rys ide.  The incomes of  the f ishermen,
the price of f ishing equipment, and how badly the users and potential users
want to f ish--their preferences for f ishing - -wi l l also affect the ultimate behav-
ioral response to increased gamefish populations.

However, just as households (or f ishermen, as in the example) respond
to  the techn ica l  e f fec ts  o f  regu la tory  ac t ions,  f i rms a lso respond. Specif-
ical ly, they may decide to close down operations, alter waste treatment proc-
esses, or alter product mixes to meet the technical standard required by the
decision. C lea r l y , each of these behavioral responses has dif ferent conse-
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quences, but the magnitude of the regulat ion’s technical effects is determined
by the range of feasible responses and the market condit ions for the goods
produced by the a f fec ted bus inesses. T h u s , f i rms  f ac i ng  more  f avo rab le
marke t  cond i t i ons  f i nd  a  w ide r  r ange  o f  cho i ces  open  t o  t hem,  and  t hose
facing strong pressures from competing firms are more limited.

The actual regulatory process is considerably more complex and less cer-
ta in  than ind icated above. For example, bus inesses  us ing  wa te r  i n  t he i r
product ion process could  be adverse ly  a f fec ted by the regula t ion i f  h igher
dissolved oxygen levels corrode their water pipes, result ing in higher operat-
ing costs. Similarly, ind iv idua ls  who are not  users  o f  the s i te  may be a f -
fected i f  they view general increased ecological diversity as a beneficial ef-
fect . In  the end,  therefore ,  pract i t ioners  wi l l  have to  determine which e f -
fects are relevant for inclusion in the benefit-cost assessment.

More importantly, the l inkages d iscussed in  th is  sect ion do not  a t tach
values to the posit ive and negative effects. Rather ,  they mere ly  suggest  a
way of viewing the regulatory process to help determine what the effects are.
In some cases, however, the decision process is eased if effects are converted
to values. Unfortunately, the attachment of values to the effects is a trouble-
some process for many potential users of benefit-cost assessment.

1.3 BENEFITS: AN ECONOMIC VIEW

The economic approach to defining and measuring regulatory benefi ts is
unfami l ia r  to  many noneconomis ts . Qui te  s imply , however, economics ap-
proaches benefi ts from society’s perspective, assigning values based on indi-
v i dua l s ’  w i l l i ngness  t o  pay  f o r  pa r t i cu la r  r egu la to r y  e f f ec t s . * In essence,
economics implicitly assumes individuals are best suited to value the effects of
water quality programs.

Once both the beneficial and detrimental effects of a proposed action have
been identi f ied, the practi t ioner may need to weigh their relat ive importance
before a  f ina l  dec is ion is  made. Of  course, the economic valuing process
described above can help determine relative importance--e.g., area fishermen’s
willingness to pay for an action to increase gamefish populations vs. the costs
incurred by a local industrial plant whose discharges the action will require be
cleaned up--but i t  has l imits. Indeed, no approach--economic or otherwise-- is
a  subs t i t u t e  f o r  t he  j udgmen t  t ha t  dec i s i onmake rs  mus t  exe rc i se  t o  make
choices among a l ternat ives represent ing var ious types and degrees o f  wel l -
be ing to  a  var ie ty  o f  popula t ion subgroups ( f ishermen,  p lant  owners ,  e tc . ) .
Benefit-cost assessment is a framework for identifying and organizing informa-
tion to ease the decisionmaking process, not a decision rule.

* I t  shou ld  be  recogn i zed ,  howeve r ,  t ha t ,  added  up  ove r  a l l  pe rsons ,
individual wi l l ingness to pay is inf luenced by the income, or wealth, avai lable
to each person.
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One frequently asked question is, “Why do people have to ‘pay’ for the
beneficial effects of water quality programs?” The answer is that they do not;
a l ternat ive ly , they cou ld  accept  payment  to  forgo the e f fec ts .  In  e f fec t ,  the
two measures--wil l ingness to pay and wil l ingness to accept--are equally good,
bu t  d i f f e ren t ,  measu res .  Wh i l e  t he  “ accep t ” measure implici t ly assumes the
ind i v i dua l  “ owns ” the  r i gh t s  t o  t he  bene f i c i a l  change ,  t he  “pay ”  measu re
assumes the opposite. Volume II  of the handbook wil l  discuss how benefi ts
based on these two dif ferent measures can be related. The important dist inc-
t ion is  the equi ty  quest ion- - i .e . , whether  ind iv idua ls  own r ights  to  the pro-
gram benefi ts.

Although willingness to accept is an equally good measure, willingness to
pay is normally used to discuss regulatory benefits because it can be revealed
in markets, when they exist,  through purchases of goods or services affected
by the program. Then, benefi ts can be measured empir ical ly. Although these
markets  c lear ly  do not  ex is t  for  the e f fec ts  o f  water  qua l i ty  improvements ,
wi l l ingness to  pay is  s t i l l  a  usefu l  way of  va lu ing benef i ts . An assessment
may descr ibe benef i ts  on ly  in  qua l i ta t ive  terms,  but  the descr ip t ion can be
writ ten from the perspective of wi l l ingness to pay. The benefi ts measurement
approaches discussed in Chapter 3 are ways that economists have approached
the benef i ts  prob lem when markets  do not  ex is t . None of these approaches
gives precise est imates of wi l l ingness to pay. Each is a blunt tool,  capable
only of giving rough estimates, which are sufficient in most cases.

1.4 COSTS: AN ECONOMIC VIEW

Oppor tun i ty  cost  measures the cost  o f  any resource- -e .g . ,  labor ,  ma-
ch inery ,  env i ronmenta l  resources-- in terms o f  i ts  next  best  a l te rnat ive  use.
T h a t  i s , the value of forgone alternative uses of any resource provides the
bas is  for  es t imat ing the cost  o f  any spec i f ic  use.  As a  resu l t ,  oppor tun i ty
cost  cons iders  t radeof fs - - i .e . , how much must  be g iven up o f  one th ing to
have more of another.

For example, assume a proposed project would improve a lake’s water
qual i ty to permit recreational f ishing, boating, and swimming. The lake can-
not now support any of these activities, but i t  would i f  qual i ty were improved
by construct ing a waste treatment plant along a r iver that feeds the lake. In
this example, the oppor tun i ty  costs  o f  the act ion would  be the forgone op-
portunit ies of al l  the resources used in improving water qual i ty. In the ab-
sence of market imperfect ions, the oppor tun i ty  cost  o f  const ruc t ion inputs- -
equ ipmen t ,  ma te r i a l s ,  l abo r ,  l and ,  e t c . - -would b e  v a l u e d  b y  t h e i r  m a r k e t
prices. In addit ion, i f  the act ion precludes use of the r iver or the lake for
other act ivi t ies (such as industr ial  or agricultural uses), the values of these
forgone alternatives would also be part of the opportunity costs.

Many pract i t ioners consider cost est imation an easier task than benefi t
estimation. Perhaps a more accurate view is that many find it less objection-
ab le  to  va lue the labor ,  mater ia ls , and equipment  used as a  resu l t  o f  an
action. However, di f f icult ies can arise when the ful l  social  costs of the in-
vestment alternatives are considered, or when effects on rates of technological
change are included. Cost est imation is l ikely to involve as many judgments

1-5



as benefi t  est imation and is subject to the same general cautions. Indeed,
caution is advised in making too great a case for precision in the measurement
of economic well-being when less precision than desired exists in the l inkage
between the regulatory act ion and i ts effect on economic act ivi t ies. The prob-
lems in  estab l ish ing l inkages do not  imply  these technica l  issues should  be
ignored,  on ly  that  they be cons idered in  the i r  proper  perspect ive- -as a  par t
of the problem of evaluating the benefi ts and costs associated with a change
in water quali ty.

1.5 BENEFIT-COST ASSESSMENT: WHAT IS IT?

Benefi t-cost assessment is a way of organizing information--a method for
identi fying al l  the favorable and unfavorable outcomes of a proposed action.
Where necessary for complex decisions, many of these outcomes can be con-
verted into a common set of units (usual ly dol lars) to permit consistent com-
parisions of benefi ts and costs. Monetization may be impossible for outcomes
which defy measurement. Even in these cases, the benefi t-cost assessment
f ramework can organize in format ion assoc ia ted wi th  an ac t ion. I n  s h o r t ,
benef i t -cost  assessment  is  a  prac t ica l  method for  inc lud ing bas ic  economic
principles in the decision process.

Although benefi t-cost assessment is a guide to decisionmakers, i t  does
not provide the f inal answer to a publ ic pol icy decision. Other factors such
as the publ ic ’s  v iew of  appropr ia te  uses for  a  par t icu lar  water  body or  the
fairness of cost impacts on particular groups are important considerations.
What a benefi t-cost assessment does do is provide an organizing framework
for  in format ion the publ ic  and ru lemaking body can use in  making more in-
formed decisions.

It  is important to recognize that value judgments are a part of al l  deci-
sions. Benefi t-cost assessments supplement scient i f ic and technical informa-
tion with economic information that may help decisionmakers make these judg-
ments. Very  s imp ly , a well-structured benefit-cost assessment can reduce
the complexity of what needs to be considered, making the decision process
more manageable.

Is Benefit-Cost Assessment Different from Cost-Benefit Analysis?

One of the f i rst things that comes to mind for potential  pract i t ioners of
benef i t -cos t  assessment  is  the past  misuse o f  cost -benef i t  ana lys is .  These
misuses emphasized the search for a rat io--the one “number”--that would ra-
t iona l ize or  jus t i fy  a  pro ject . In many instances, the misuses invo lved an
attempt to include benefits that were, at best, marginal ly related to a project.
This is not the case for the benefi t-cost assessment suggested in this hand-
book. Since benefi t-cost assessment requires a consistent,  systematic treat-
ment of benefi ts and costs, an outside observer can easi ly discover when a
practi t ioner tr ies to stretch the approach beyond the l imits dictated by com-
mon sense. When the assessment  process is  care fu l ly  conducted,  common
sense wil l  provide a reasonable guide through most of the decisions. A n y -
thing not sensible should be scrut inized. Cri t ics who maintain that benefi t-
cost  assessment  can be used to  jus t i fy  anyth ing over look the fac t  that  any
approach can be abused.
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Since i t  can compare benefi ts and costs in qual i tat ive terms, in qual i ta-
t ive  terms wi th  some quant i f i ca t ion,  in  quant i ta t ive  terms,  or  in  monet ized
terms, benefi t-cost assessment is a more f lexible approach than conventional
cost-benefi t  analysis. The key, of course, is  the nature  o f  the dec is ion.  A
qual i tat ive assessment wi l l  reveal whether the potential  benefi ts and costs at
stake in a water qual i ty decision are clearcut. No further economic assess-
ment  wi l l  be needed, yet  the dec is ionmaker  wi l l  have a log ica l ,  cons is tent
basis for economic considerations. I f  the si tuat ion is more complicated, or i f
the potential  benefi ts and costs at stake are considerably larger, a more de-
tailed benefit-cost assessment can make the decision more manageable.

Many ways exist to tai lor a benefi t-cost assessment to f i t  the needs of
the issue at hand. For example, monetization can play a critical role in more
complicated benefit-cost assessment decisions. Specif ical ly, by blending mone-
t i za t i on  w i t h  qua l i t a t i ve  j udgmen t , benef i t -cos t  assessment  can determine
whether the benefi ts bear a reasonable relat ionship to the costs involved and
whether there wi l l  be signif icant impacts on certain parts of the populat ion or
the economy.

A misconception that ar ises with benefi t-cost assessment involves recent
techniques-- such as  su rvey  t echn iques - -deve loped  to  dea l  w i t h  p rev ious l y
unmeasurable or nonmonetizable benefi ts, such as enhanced ecological diver-
sity or amenit ies. These survey techniques are not  op in ion po l ls ;  they re ly
on careful ly designed questionnaires to measure an individual ’s wi l l ingness to
pay for  these benef i ts . One fact has been clearly shown by al l  the survey
studies: such prev ious ly  nonquant i f iab le  benef i ts  are  indeed a substant ia l
component of the total environmental benefi ts picture. That  is ,  the  s tud ies
have shown these benefits to be large, and an assessment that overlooks them
may indeed unders ta te  the fu l l  benef i ts . While most water quality decisions
wil l  not require a survey to determine these previously nonquanti f iable bene-
f i t s , some benefi t-cost assessments may adapt the results of recent surveys
for  spec i f ic  s i tes  (e .g . ,  see Chapter  6 ,  Sect ion 6 .3) .  A few ins tances may
occur  in  wh ich, because the potential  costs are so large, pract i t ioners may
want to use simple surveys to get at least a ball park estimate of such poten-
tial benefits.

Benefi t-Cost Assessment: A Step-by-Step View

Each of us makes decisions every day, judging whether the anticipated
consequences of an act ion wi l l  be “worth” the “costs.” Of course, the mean-
ings of “worth” and “costs” vary from one person to the next because dif fer-
ent people evaluate the same action dif ferently. Whatever the outcome, how-
ever, the logic underlying the decision process is the same. Based on this
decision logic,
“cos ts , ”

benefi t-cost assessment is a method for def ining “worth” and
offering a logical framework for structuring information for decisions

in the public sector.

Although performing a benefi t-cost assessment is not a mechanical task
with each step completely known in advance, it is possible to outline the gen-
eral steps that are useful in assembling a complete assessment. These steps
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f lesh out the l inkages between a pol icy decision and the behavioral changes,
h igh l ighted ear l ier  in  F igure 1-1. For instance, an assessment can portray
the individuals and f irms that wi l l  be direct ly affected by a regulatory act ion,
how they will be affected, and how they will change their behavior in response
to the regulation.

The log ic  o f  a  benef i t -cos t  assessment  is  s t ra ight forward,  as  shown in
the following steps:

Define the action

Determine an appropriate approach based on resources or com-
plexity of the action

Identify and estimate the incremental benefits of the action

Identify and estimate the incremental costs of the action

Compare the benefits and costs of the action

Assess the plausibility of the results

High l ight  the d is t r ibut ion o f  benef i ts  and costs  and f inanc ia l
impacts of the action

In tegrate  the assessment  in to  o ther  aspects  o f  the dec is ion-
making process.

For example, Figure 1-2 i l lustrates these steps for a water qual i ty stand-
ards ac t ion, such  as  a  S ta te ’ s  chang ing  t he  uses  des igna ted  f o r  a  r i ve r
segment. Steps in the upper portion of Figure 1-1 assemble and organize the
avai lab le  data  for  the change in  des ignated uses. The optional analyses of
the technical aspects of a water qual i ty standards decision--analyses for use
attainabil i ty, s i te -spec i f ic  c r i te r ia , and wasteload al location--can be valuable
sources of data on the technical l inkages between an act ion and i ts effects.
By sorting the data according to whether the action’s effects result in a bene-
fit or a cost to society, the State can compare, roughly, the benefi ts with the
costs.

The level of di f f iculty in the benefi t-cost assessment process is dictated
by the complex i ty  o f  the e f fec ts  and responses to  the program act ions.  For
example, when benefi ts and costs of an act ion are clearcut and have values
that are comparatively small , a simple qual i tat ive assessment is in order. In
these cases, the assessment process merely describes the distribution of bene-
f i ts  and costs - - i .e . , who in society receives the benefi ts and who bears the
costs- -presents  the resu l ts , and organizes them for  the water  qual i ty  dec i -
sion. However, if a qualitative assessment reveals that potential benefits and
costs are substantial  or not clearcut,  a more detai led and comprehensive as-
sessment is in order, as shown by the steps in Figure 1-3. In these cases,
the practitioner must measure, value, and discount the benefits and costs and
judge the sens i t iv i ty  o f  the resu l ts . In most instances, staff  resources and
existing information can be combined for an assessment. In a few situations,
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Figure 1-2. Key steps in a benefit-cost assessment.
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Figure 1-3. Key steps in a complex benefit-cost assessment.
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outside assistance may be  needed  fo r  a  more  de ta i l ed  assessmen t ;  l i ke l y
candidates include area universit ies and consult ing f i rms. Regardless of out-
side assistance, following the flow chart can ensure good quality results.

Thus, the strength of benefi t-cost assessment is i ts abi l i ty to organize
material in a consistent manner and yet remain flexible enough to accommodate
a wide range of cases. Nonetheless, the practitioner must recognize that each
program action will introduce new complexities requiring judgments that can be
made based only on an understanding of the strengths and weaknesses of the
benefit-cost assessment process.

1.6 KEY CONSIDERATIONS IN AN ASSESSMENT

Four pract ical problems arise in implementing general benefi t-cost prin-
ciples: determining a basel ine,
double counting,

de te rm in ing  t he  p r ima ry  e f f ec t s ,  avo id i ng
and using expenditures to measure benefits.

The benef i ts  and costs  o f  any water  qua l i ty  ac t ion re f lec t  both  regu la-
t ions a l ready in  p lace and spec i f ic  features o f  the a f fec ted water  bod ies.
This means the baseline must be identified before the benefits and costs of a
new action can be determined. For example, technology-based requirements,
and any variants of them, usually form the regulatory baseline for addit ional
water qual i ty decisions. In cases where the technology-based requirements
have not been met, determining the basel ine is dif f icult  due to uncertaint ies
in  the pred ic t ions o f  the e f fec ts  that  the in-p lace regu la t ions wi l l  p roduce.
Ef fec t ive  enforcement  is  genera l ly  assumed for  ex is t ing regu la t ions. In  an
actual assessment, practitioners will have to make judgments about these base-
line issues. I f  uncer ta in ty  ex is ts  in  the determinat ion o f  the base l ine,  th is
should  be c lear ly  s ta ted and addressed la ter ,
overall assessment is considered.

when  the  p laus ib i l i t y  o f  t he

The spec i f ic  a t t r ibutes o f  a  s i te  are  a lso impor tant  in  l ink ing benef i ts
wi th  the e f fec ts  o f  water  qua l i ty  dec is ions. For example, swimming benefits
wil l  not l ikely be signif icant for a r iver that is only a few feet deep in places
and has considerable current, no complementary facilities (such as beaches or
access points), or large amounts of barge traffic. However, swimming may be
important when adjacent parks and faci l i t ies are present and pol lut ion is the
l imit ing factor, as is the case for certain r iver pools in the Mississippi River
in  the Minneapol is  area [Larson,  1981] . Similar ly, the costs of achieving a
part icular level of water qual i ty wi l l  depend on site-specif ic water qual i ty as
i t  ex i s ted  be fo re  t he  regu la to r y  ac t i on  t ook  e f f ec t . The analyses of  use-
attainabi l i ty si te-specif ic cr i ter ia, and wasteload al location, any one of which
may be per formed as an opt iona l  par t  o f  water  qua l i ty  s tandards dec is ions,
can be a valuable source of technical information.

Another important dist inct ion is between primary and secondary benefi ts
and costs. Pr imary  benef i ts  and costs  ar ise d i rec t ly  f rom the act ion,  whi le
secondary  benef i ts  and costs  fo l low the impact  o f  the pr imary  ones. On ly
primary benefits and costs should be included in an assessment, because link-
ages are often too imprecise to make even a rough determination of secondary
benef i ts  and costs . For example, whi le increased recreation act ivi t ies and
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enhanced ecological diversity are among the primary benefits of a water quality
improvement, the increased revenues to  prov iders  o f  recreat ion equ ipment ,
for example, are simply expenditures--secondary benefits-- not primary bene-
f i t s . When these expendi tures are  inc luded, t he  oppo r tun i t i es  f o r  doub le
counting increase substantial ly. I f  increased receipts of recreation equipment
suppl iers are added to wi l l ingness to pay, then that part of users’ wi l l ingness
to pay is double counted. In  e f fec t ,  inc lud ing secondary  benef i ts  in  an as-
sessment opens up the assessment to the same suspicions that plague some
applications of traditional cost-benefit analysis.

The d is t inc t ion between pr imary  and secondary  benef i ts  is  impor tant  in
the solut ion of another problem that ar ises in a benefi t-cost assessment: the
use of  an expendi ture  approach to  measure benef i ts . The expendi ture ap-
proach adds up an area ’s  recreat ion- re la ted expendi tures.  Th is  re f lec ts  the
costs of recreat ion, not an individual ’s wi l l ingness to pay for recreation. For
example, the approach would  inc lude the costs  o f  the f ish ing gear  i tse l f - -
amounts that are costs and not benefi ts. In  addi t ion, i t  does not  count  the
difference between the maximum an individual would pay and the amount he
actua l ly  pays- - in  technica l  terms the consumer  surp lus. I n  e f f ec t ,  t he  ex -
penditure approach includes some costs on the benefits side of the ledger and
excludes other benefits entirely.

Tota l  recreat ion expendi tures may be usefu l  in  ident i fy ing some of  the
effects on a community’s economic act ivi ty (e.g.,
or  recreat ion- re la ted employment) .

increased sales tax receipts
Even  i n  t h i s  l im i t ed  use ,  howeve r ,  t he

use of total expenditures omits important f lows of funds out of the community
to  pay for  goods external ly  produced. Confusion on these points often re-
sults because it seems logical that expenditures should be benefits.
expendi tures are costs  and benef i ts ;  they are not  a l l  benef i ts .

However,
Both double

counting and miscounting occur when this approach is used.

1.7 SUMMARY

Benefit-cost assessment:

Appl ies  a  formal  dose o f  common sense to  eva luat ing water
quality regulations and programs.

P rov ides  a  f l ex i b l e  app roach  fo r  o rgan i z i ng  t he  i n fo rma t i on
needed to make water quality decisions.

Enhances b u t  d o e s  n o t  s u p p l a n t  t h e  v a l u e  j u d g m e n t s  o f
decisionmakers.

Uses society as the basis for accounting benefits and costs.

Focuses on individual wi l l ingness to pay and opportunity cost
to measure benefits and costs, respectively.

Concentrates on primary benefits and costs.
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1.8 GUIDE TO HANDBOOK

This  handbook is  organized in to  s ix  chapters .  Chapter  1  is  the in t ro-
duction to benefit-cost assessment. Chapter 2 shows how to include intangi-
bles and distr ibut ion effects in an assessment and considers the question of
discounting benefits and costs. Chapter 3 describes specific methods for esti-
mating the benefits of water quality programs, including techniques for devel-
oping the monetary components of benefi ts needed in complex cases. Chap-
ter 4 gives the basics of est imating costs, focusing on the incremental costs
of  water  qual i ty  regu la t ions. Chapter 5 describes a sensit ivi ty analysis as a
guide to a plausible assessment and highl ights methods of presenting the re-
sults of an assessment. Chapter 6 i l lustrates benefi t-cost assessment prac-
t ices with simple, moderately dif f icult ,  and complex causes to ref lect di f ferent
types of water quality decisions.
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ISSUES IN A BENEFIT-COST ASSESSMENT

CHAPTER 2

2.1 INTRODUCTION

How can  i n tang ib l e  bene f i t s  and  cos t s  be  i nc l uded  i n  a  bene f i t - cos t
assessment? What  does i t  mean to  d iscount  benef i ts  and costs? Are there
ru l es  o f  t humb  fo r  d i scoun t i ng? Does benef i t -cost  assessment  ignore the
distribution of benefits and costs?

In pract ice, the posit ive and negative effects of a program act ion occur
at di f ferent points in t ime, affect ing households and f irms over a number of
years. In  many assessments  the need or  ab i l i ty  to  monet ize benef i ts  and
costs may be small, or limited resources may preclude monetizing. Clear ly ,  a
need exists for a logical approach to intangibles and for a convenient way to
include them in an assessment.

For those assessments where benefits and costs are monetized, two main
“add ing  up ”  i s sues  a r i se : d i scoun t i ng  and  d i s t r i bu t i on .  D i scoun t i ng  p ro -
vides a consistent basis for adding benefits and costs over time. It is one of
the most complex and controversial issues in an assessment. Similarly, simply
adding benefits and costs over people or firms may hide important issues.

To exp la in  how a benef i t -cost  assessment  addresses these impor tant
issues, Section 2.2 discusses intang’ ible benefi ts and costs and uses arrays,
or  tabular  d isp lays, to feature them in the assessment. Sect ion 2.3  br ie f ly
describes how to measure impacts on f i rms and households, and Section 2.4
i l lus t ra tes  how the d is t r ibut ion o f  benef i ts  and costs  can be inc luded in  an
assessment. Sect ion 2 .5  descr ibes the d iscount  ra te ,  i ts  ro le  in  a  benef i t -
cost assessment and key issues in select ing a discount rate. F inal ly ,  Sec-
tion 2.6 summarizes the chapter’s major points.

2.2 INCLUDING INTANGIBLES IN A BENEFIT-COST ASSESSMENT

Introduction

The uses prescribed in the Clean Water Act for the water qual i ty stand-
ards are l ike ly  to  prov ide in tangib le  benef i ts  re la t ing to  enhanced spec ies
diversity and ecological habitats and improved aesthetics. By i ts incommen-
surabi l i ty , t h i s  t ype  o f  bene f i t  p resen ts  p rob lems  fo r  de te rm in ing  t he  ne t
benefi ts of a use designated under the standards program--or for any water
quali ty program. The types of benefits or costs that comprise the intangibles
g roup  change  ove r t ime wi th  improvements  in  va luat ion techn iques. For
example, the travel cost technique est imates wi l l ingness to pay for recreation
benef i ts  that  in i t ia l ly  were t reated as in tang ib les . Th is  sect ion prov ides a
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method for including intangibles in a benefi t-cost assessment. Volume II will
contain more details on intangible benefits.

A recommended method uses a system of tabular displays, or arrays, to
present  both  tang ib le  and in tang ib le  benef i ts . These ar rays are ta i lored to
f i t  t he  na tu re  o f  t he  assessmen t  be ing  conduc ted .  The  f i r s t  a r ray  s imp l y
l is ts  and descr ibes the benef i ts  and costs . A second array presents mone-
tized values only for those benefits and costs for which monetization is almost
always accepted, w i t h  t he  rema in i ng  bene f i t s  and  cos t s  be ing  l i s t ed ,  de -
scribed, and quant i f ied to  the extent  poss ib le . These values are based on
individuals’ wi l l ingness to pay and opportunity cost as measured by the tech-
n iques presented in  Chapters  3  and 4. The  f i na l  a r ray  p resen ts  as  many
benefits and costs in monetized terms as possible, with the other benefits and
costs being listed, described, and quantified.

Example

Suppose  a  S ta te  i s  cons ide r i ng  add ing  t he  f i sh  and  w i l d l i f e  use  t o  a
s t ream tha t  i s  cu r ren t l y  des igna ted  f o r  ag r i cu l t u ra l  and  i ndus t r i a l  uses .  A
system of arrays for a benefit-cost assessment of this change in use designa-
tion is illustrated in Tables 2-1, 2-2, and 2-3.

The f i rs t  ar ray (see Table  2-1)  l i s ts  and descr ibes a l l  the benef i ts  and
costs  in  qua l i ta t ive  terms. In  cases where issues are c learcut ,  th is  ar ray
would, by i tse l f ,  p rov ide in format ion suf f ic ient  for  mak ing the dec is ion.  As
issues become more complex, addi t iona l  ar rays are essent ia l  for  in format ion
sufficient to make the decision

The second ar ray for  th is  example (see Table  2-2)  presents  monetary
values for benefi ts and costs for only those categories that almost al l  pract i-
tioners agree can be monetized. This supplemental information in the second
a r ray  c l a r i f i es  t he  i s sues  i n  t he  assessmen t  by  f ocus ing  a t t en t i on  on  t he
nonmonetized values. Th i s  a r ray  shows  tha t  t he  l ow  end  on  t he  range  o f
monetized recreation benefits is exceeded by the high end on the range of the
costs and that the action produces nonmonetized benefits. The decisionmaker
would have to determine how the nonmonetized aesthetic benefits and ecologi-
cal diversity inf luence the net result  given the overlap in the range est imated
for benefits and costs.

The system of arrays shows how a benefi t-cost assessment can reduce
the dimensions of a complex issue to focus the decisionmaker’s attent ion on
the most di f f icul t  aspects. The last array (see Table 2-3) shows the mone-
t izat ion of as many benefi ts and costs as possible. The range of monetized
benefits is estimated to be $17 million to $37 million, with additional nonmone-
t ized benef i ts  a t t r ibutab le  to  the enhancement  o f  the eco log ica l  d ivers i ty .
The est imated costs of attaining the addit ional use designated range between
$9 million and $14 million.

Seve ra l  f ea tu res  o f  t h i s  examp le  ca l l  f o r  add i t i ona l  d i scuss ion . The
estimated monetary values for aesthetic benefi ts move the benefi t  range to a
level at which benefits exceed both the minimum and maximum estimates of the
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Table 2-1. Benefits and Costs of Attaining Fish
and Wildlife Use: Array 1

Description of Benefits

1. Provide an additional resource that can support swimming, fishing, and
recreation near water in a metropolitan area with only limited substitutes
available.

2. Improve the aesthet ic  va lue for  users of  the resources serv ices,  such
as recreators or property owners near the stream.

3. Improve the aesthetic value for residents of the area based on possible
use in future or just from knowing the stream is cleaner.

4. Enhance  the  eco log i ca l  d i ve rs i t y  o f  t he  s t ream a rea  by  p rov id ing  an
improved habi ta t  for  f ish species and wi ld l i fe  f rom surrounding areas.
However, none of these species is unique or endangered.

Description of Costs

1. The  res i den t s  o f  t he  c i t y  w i l l  r equ i r e  advanced  t r ea tmen t  f o r  t he i r
wastes.

2. Three industr ia l  d ischargers wi l l  have to modi fy  thei r  waste t reatment
operat ions.

Table 2-2. Benefits and Costs of Attaining Fish
and Wildlife Use: A r ray  2

Monetary value
(million $,

Quant i ty present  values)

Types of Benefits

1. Fishing, swimming, recreation 1 mill ion visits 10 to 30
near water

2. Improved aesthetics for
users- - recreators  and prop-
erty owners near stream

3. Improved aesthetics for
nonusers--value to res idents
in area from knowing stream
is clean should they use it
or from just knowing it is
clean

4. Enhanced ecological diversity 10 new fish species,
smallmouth bass and
others; 1,000 acres
of  improved wi ld l i fe
habi tat ;  no unique
species are provided

Types of Costs

1. Advanced t reatment for
municipal wastes

1 new plant 8 to 10

2. Advanced t reatment for 3 addi t ional  t reat- 1 to 4
industrial dischargers ment operations
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Table 2-3. Benefits and Costs of Attaining Fish
and Wildlife Use: Ar ray  3

Quant i ty

Monetary value
(million $,

present values)

Types of Benefi ts

1. Fishing, swimming, recreation
near water

2. Improved aesthetics for
users--recreators and prop-
erty owners near stream

3. Improved aesthetics for
nonusers

4. Enhanced ecological diversity

Types of Costs

1. Advanced treatment for
municipal wastes

2. Advanced treatment cost
for industr ial  dischargers

1 million visits 10 to 30

5

2

10 new fish species, Not monetized
although no unique
species are provided;
1,000 acres of improved
wildl i fe habitat.

1 new plant. 8 to 10

3 addit ional treat-
ment operations

1 to 4

costs. By  mone t i z i ng  t hese  bene f i t s  w i t h .  a  con t i ngen t  va lua t i on  su rvey
(discussed in Chapter 3), the practitioner can show that the minimum benefits
exceed even the highest cost. This makes a strong case for adding the use.
In  addi t ion, the array in Table 2-3 shows nonmonetized benefi ts that would
increase the total value of the benefi ts even more. This example i l lustrates
the case for a r iver segment with large recreation potential  that just i f ies the
extra cost involved in carrying out the detai led assessment. River segments
that have intermittent f lows or whose entire f low is eff luent would have low
recreation potential and would not require such a detailed assessment.

To show how the system of arrays can present assessment results, the
discussion of this example concentrates on the eff ic iency aspects of the use
designation. As noted in  Sect ion 2 .4 ,  however ,  the dec is ion process a lso
should consider information on distribution effects.
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2.3 COST IMPACT MEASURES

This section describes the general approach and some specific measures
for assessing the cost impacts on communities and industries of meeting water
qual i ty  regulat ions. This  handbook does not  advocate the use of  any one
measure; ra ther , i t  emphas izes that  impacts  be eva luated. Ove ra l l ,  t he
object ive is to determine the incremental effect of compliance costs on earn-
i ngs ,  p roduc t i on , and employment  in  the a f fec ted loca l i ty . However ,  the
f i nanc ia l  ab i l i t y  o f  a  commun i t y  o r  i ndus t r y  t o  abso rb  t hese  cos t s  i s  a l so
important.

For each major impact category, the fol lowing sections describe one or
more measures wi th  vary ing degrees o f  sophis t ica t ion,  data  requ i rements ,
est imation methods, feasibi l i ty,  and accuracy. By no means are these meth-
ods the only way to proceed.

Assessing Household Impacts

The share of publ icly owned treatment works (POTW) costs al located to
households in the form of higher sewer or water charges is assumed to be
borne directly by those households, reducing annual income by the amount of
the to ta l  annual  costs . This impl ies that households cannot pass on these
costs  by  increas ing the i r  wages. Together with data on household income,
to ta l  costs  o f  compl iance and communi ty  indebtedness are  used to  deve lop
measures o f  the ab i l i ty  o f  households to  bear  these costs- - i .e . ,  how these
costs affect income and indebtedness. The discussion of impact measures is
kept brief here because an EPA document, the Financial Capability Guidebook,*
provides a detailed guide to community financial capability analysis.

Household impact measures are divided into two major types: abi l i ty to
pay and abi l i ty  to  f inance. Abi l i ty - to-pay measures focus on the ab i l i ty  o f
the residents to bear the costs of water qual i ty improvements, regardless of
the cur rent  f inanc ia l  s ta tus  o f  the communi ty . Abi l i ty-to-f inance measures
focus on the ability of the community to finance the costs of compliance. The
Financial Capabil i ty Guidebook develops 11 key indicators used to judge the
ability to bear the impacts specified by these measures.

Abil i ty to Pay

The measure of ability to pay is the ratio of compliance costs to median
household income. Compliance costs are defined as total annual costs: the
sum of annualized capital costs, operation and maintenance costs, and contri-
but ions to  cont ingency funds. Focusing on values for the median household
is convenient, but part icular si tuat ions may cal l  for a more detai led examina-
tion of the distribution of income or wealth in the community.

*Munic ipa l  F inance Of f icers  Assoc ia t ion and Peat ,  Marwick ,  Mi tche l l  &
Co. , F inanc ia l  Capab i l i t y  Gu idebook  (D ra f t ) ,  p repa red  fo r  EPA,  O f f i ce  o f
Water Program Operations, Washington, D.C., May 1982. Contact the OWPO
at EPA for further information about this document.
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The income measure may be used to est imate two kinds of cost impacts:
the incremental costs of a particular water quality program and the total costs
of compliance associated with all treatment. In some cases, total costs may be
useful because the practitioner is interested in a view of cost impacts overall.
For  spec i f ic  water  programs,  however , a  focus on the incrementa l  cos ts  o f
dec is ions that  move water  qua l i ty  beyond that  resu l t ing f rom the s ta tu tory ,
technology-based cont ro ls  can reveal  the cost  impacts  due to  the ind iv idua l
program.

Financial Capability

The f inanc ia l  capabi l i ty  o f  a  communi ty  has a  s ign i f icant  e f fec t  on i ts
abi l i ty to raise addit ional funds in the bond market. If a community has high
indebtedness or low tax revenues, i t  wi l l  have a lower bond rat ing and face
higher costs of capital . The impact measure is the total outstanding debt of
the community before and after the project being considered.

Assessing Industrial Impacts

A f i rm’s compliance cost may arise either from direct costs of treatment
faci l i t ies or process changes or from i ts share of POTW costs. In turn, these
costs lead to changes in prof i tabi l i ty, output, and employment and may result
in part ial  or complete closures. Of  course, an accurate measure of impact
requ i res  some est imate  o f  a  bus iness cash f low,  but  th is  es t imate  may be.
d i f f i cu l t  to  obta in  un less the companies concerned cooperate .  Thus,  a  la rge
tradeoff exists among the measures with respect to feasibi l i ty and accuracy.
Table 2-4 summarizes the proposed impact measures, data sources, and their
avai lab i l i ty  and re l iab i l i ty . The measures wil l  be described in greater detai l
in Volume II.

Assessing Changes in Employment, Output, and Prices

Changes in  output  and employment  in  response to  t reatment  costs  are
important because they give r ise to indirect impacts. I f  workers  are unem-
ployed, they reduce their spending; i f  a plant reduces output, i ts demand for
inputs from supplying f irms slackens, with indirect repercussions on commun-
ity income and employment. Even i f  est imating indirect impacts is infeasible,
the direct effects of compliance costs on community employment and income are
usefu l  for  assess ing the equi ty  impl icat ions o f  a  regu la tory  act ion- - “who is
affected?"

As a rule of thumb for assessing the effect of regulatory act ions, f i rms
usual ly  cannot  pass through t reatment  costs  by ra is ing pr ices. T h i s  r u l e
no rma l l y  ho lds  f o r  wa te r  qua l i t y  s tanda rd  ac t i ons  because  they  a re  s i t e -
specif ic and may affect only certain businesses. Al though the ru le  may not
hold for some regulatory act ions, i t  is di f f icult  to predict under what circum-
stances firms might be able to pass through costs.
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Table 2-4. Summary of Industrial impact Measures

Measure

Prof i tab i l i ty
( including closure)

Source
Avai la-

b i l i t y
Relia-
b i l i t y

1. Cost/sales ratio

2. Cost/production
cost rat/o

3. Net cash flow

4. Rate of return

5. Ne t  p resen t  va lue

6. Company solvency

Reductions in employment
and output

1. Due to closure

2. Due to output
reduction

Price changes expected
to be small

Production and
price estimates
or publ ic data
bases

EPA economic
impact analysis

Plant financial
data

Plant and company
financial data

Plant and company
financial data

Company financial
data

High Low

High Low

Medium Medium

Low High

Low High

Depends
on size

Depends
on size

Plant data Medium

Plant data, engi-
neer ing repor t

Medium

Medium

Medium

2.4 WHAT TO DO ABOUT DISTRIBUTION: PROBLEMS IN
ADDING UP OVER PEOPLE

Introduction

A net benefi ts est imate does not evaluate projects based on the distr i-
but ion of net benefi ts. Rather, the evaluation is based on eff iciency cri ter ia,
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wh ich  show  how  to  a l l oca te  soc ie t y ’ s resou rces  t o  max im ize  we l l - be ing . *
A l though the weights  ass igned to  ind iv idua l  rec ip ients  o f  the benef i ts  and
costs of a project are treated equal ly, the distr ibut ion of net benefi ts can be
desc r i bed  f o r  t he  po l i c y  unde r  eva lua t i on .  I n  t hese  desc r i p t i ons ,  bene f i t s
and costs  are  separated accord ing to  the economic  agents  a f fec ted. For
example, one might classify households by income group, or f i rms by indus-
t ry ,  and eva luate  each group’s  share o f  the net  benef i ts .  Then,  the overa l l
benefit-cost assessment can account for distribution.

Some attempts have been made to expl ici t ly include equity ( in terms of
the effects of the project on dif ferent income groups) in benefi t-cost assess-
ment. They are not  un i formly  accepted. Al l  of the weighting schemes are
based on the premise that  the ext ra  u t i l i ty  or  sat is fac t ion der ived f rom an
extra dollar of income declines as income increases. Thus ,  r ed i s t r i bu t i on  o f
income will lead to increases in total utility or satisfaction for society.

There are  f laws inherent  in  any weight ing scheme for  benef i t -cost  as-
sessment. The most difficult one to overcome is that it is hard to get society
to agree on the appropriate weights.
i t y ;

Equity in income is only one possibi l-
regional and racial equity are others.

are simply attempts to “guesst imate”
In the f inal analysis, the weights

the decisionmaker’s preferences. Th is
does not imply that distr ibut ion information should not be developed. Rather,
i t  suggests that the tradeoff between eff iciency (as measured by the aggre-
gate net benefi ts) and various types of equity considerat ions (as ref lected in
the distr ibut ions of these net benefi ts among economic agents under dif ferent
c lass i f ica t ions)  is  un l ike ly  to  be capable  o f  be ing ass igned a f ixed re la t ion-
ship. Ult imately, the impor tance o f  d is t r ibut iona l  issues wi l l  depend on the
decisionmaker’s judgment.

Two examples can be used to illustrate how distributional information has
supplemented the convent iona l  net  benef i t  in format ion in  a  benef i t -cost  as-
sessment.

Example I

Suppose an improvement in water quality will provide $10 million a year in
net benefi ts. The d is t r ibut ion issue is  to  determine who wi l l  rece ive these
benefi ts. The most  commonly  used method is  to  ar ray the benef i ts  by the
shares that will accrue to different income groups, as shown below:

Income ($)

Less than 10,000
10,000 to 20,000
20,000 to 35,000
More than 35,000

Percent of net benefits

20
30
35
15

*Eff iciency cri ter ia indicate both the cheapest way of achieving a part ic-
ular level of water qual i ty and what level of water qual i ty makes sense given
competing uses of resources.
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This  change would  favor  lower  income groups:  ha l f  o f  the net  benef i ts
accrue to  people  wi th  incomes of  $20,000 or  less ,  and over  three- four ths
accrue to people with incomes of less than $35,000 a year. By  quan t i f y ing
and monetizing benefi ts and costs, benefi t-cost assessment provides a clear
p i c tu re  o f  t he  d i s t r i bu t i on  e f f ec t s  o f  t he  change .  The  d i s t r i bu t i on  o f  any
intangible benefits and costs also should be considered in the decision.

Example II

Consider the same situation as in the previous example with $10 mil l ion
i n  n e t  b e n e f i t s  f r o m  t h e  c h a n g e  i n  w a t e r  q u a l i t y . Tab le  2 -5  a r rays  t he
distr ibut ion of benefi ts and of project costs. Rather than arraying by income
groups,  the categor ies  in  Table  2-5  break down the d is t r ibut ion o f  benef i ts
and costs over broad groups in society to i l lustrate another way that distr i-
bution effects can be highlighted.

Table 2-5. Distribution of Benefits and Costs

Benefits: Who Receives?

Users of river for recreation

People who receive enhanced aesthetics values for river

Downstream users for municipal water supplies

Downstream companies who use water for industrial processes

Costs: Who Bears?

Residents who incur higher sewer and water bills because of advanced
treatment requirements for wastes

Stockholders of companies who have to install new equipment or change
production processes to meet the standards

Consumers who purchase products whose prices are increased as a re-
sult of companies’ compliance

Summary: Distr ibution

Information on distribution effects of water quality programs is an essen-
t ial  ingredient in a benefi t-cost assessment. I t  can be described with either
summary measures l ike  income group shares, o r  s imp l y  l i s t ed  i n  na r ra t i ve
form.
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2.5 DISCOUNTING FUTURE BENEFITS AND COSTS: ADDING UP
OVER TIME

One of the most crucial issues in a benefit-cost assessment that relies on
mone t i zed  bene f i t s  and  cos t s  i s  t he  se lec t i on  o f  t he  app rop r i a te  d i scoun t
rate--an interest rate used to translate dol lar amounts of benefi ts and costs
occurr ing in dif ferent years into a common unit  of comparison, usual ly a pres-
ent value. The discount rate is a posit ive number because individuals prefer
immediate consumption and the associated immediate satisfaction to future con-
sumption and the corresponding future sat isfact ion. Then, to persuade indi-
viduals to give up immediate consumption in exchange for future consumption,
the level of consumption must be increased at that later date. This increase
is an opportunity cost and is demonstrated, for example, when companies pay
in teres t ,  o r  share fu ture  pro f i ts , to take advantage of current investment op-
portunit ies. P re fe rence  f o r  sa t i s f ac t i on  now  ra the r  t han  l a te r - - t echn i ca l l y
known as the posit ive rate of t ime preference --is demonstrated when someone
installs new carpet on a time payment plan or finances a new car. The sat is-
fac t ion or  u t i l i ty  f rom the carpet  or  car  is  ga ined now at  the expense of  a
financing charge.

There are five key concepts in determining discount rates:

Social rate of t ime preference: t he  ra te  a t  wh i ch  soc ie t y  i s
wi l l ing  to  exchange present  consumpt ion for  fu ture  consump-
t ion.

Consumpt ion ra te  o f  in terest : t he  ra te  a t  wh i ch  i nd i v i dua l s
are wi l l ing  to  exchange present  consumpt ion for  fu ture  con-
sumption.

Marginal rate of return on private investment: the incremental
return on the last unit of investment by a private firm.

Oppor tun i ty  cost  o f  pub l ic  investment :  the cost  o f  a  govern-
ment investment measured in terms of forgone private consump-
tion or investment.

Risk: the degree to which investment in a publ ic project wi l l
affect the variation in the outcome of all public investment.

Whi le  a  la rge share o f  the costs  o f  meet ing a  water  qua l i ty  s tandard
occurs in years immediately after a standard is set (e.g.,  f i rms invest in new
treatment processes, and c i t ies  const ruc t  advance waste  t reatment  p lants) ,
benefits will not accrue until after the new plants and processes are in place.
These benefi ts may accrue for 50 or 100 years - - a per iod over  which do l lar
amounts  o f  both  benef i ts  and costs  wi l l  vary  great ly . The pat tern  o f  d is -
counted net  benef i ts  o f ten wi l l  look very  d i f ferent  i f  a  h igh d iscount  ra te  is
used rather than a low one. As this example shows, assessing benefi ts and
cos t s  o f  any  wa te r  qua l i t y  p rog ram requ i res  an  app rec ia t i on  o f  t he  bas i c
pr inc ip les under ly ing the def in i t ion and the se lect ion o f  an appropr ia te  d is-
count rate, an understanding of the empir ical impl icat ions of discounting, and
a practical knowledge of how to work with discounting techniques.
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Time Preference: What Is I t?*

The use of discount rates in benefit-cost assessment can be explained by
viewing discounting issues within the context of an ideal market economy, the
characterist ics of which include perfect competi t ion in al l  markets, complete
certainty in decisions, no transaction costs, no taxes, and no l imitat ions on
any cred i t  market . In such an economy, a l l  goods are pr iced at  the oppor-
tun i ty  costs  o f  the inputs  used to  produce them,  and ind iv idua ls  and bus i -
nesses are able to borrow or lend, subject to their abi l i ty to repay; as much
as they des i re  a t  the market  ra te  o f  in terest , which is  determined by the
demand and supply of loanable funds.

I n  hopes  o f  ob ta in i ng  f u tu re  ea rn ings , bus inesses in  th is  idea l  wor ld
would invest funds to the point where their extra benefi t  equals their oppor-
tun i ty  cost . In this economy, the market interest rate wi l l  be the opportun-
i ty  cost  o f  cap i ta l  fo r  the f i rm. Consequently, optimizing behavior by each
business and eff icient ly working markets wi l l  ensure that the market interest
rate wi l l  be equal to the marginal return on investment. The f i rm could not
rear range i ts  investments  and improve i ts  long- term prof i t  p ic ture . A t  t h e
same time, individuals would arrange their consumption and savings such that
the i r  own marg ina l  ra te  o f  t ime preference (a lso known as the consumpt ion
rate of interest) would equal the market rate of interest. In this ideal case,
the f ina l  outcome is  that  market  forces create  an equ i l ib r ium in  which an
ind i v i dua l ’ s  consump t i on  ra te  o f  i n t e res t  and  a  f i rm ’ s  marg ina l  r e tu rn  on
investment are the same because both correspond to the market rate of inter-
est. This equi l ibr ium ensures an eff ic ient al location of resources over t ime.
If  these equal i t ies were not maintained (for example, i f  the consumption rate
of  in terest  were less than the marg ina l  re turn  on investment ) ,  an ind iv idua l
could improve his welfare (by consuming less, sav ing,  and earn ing a re turn
that permitted greater consumption in the future).

Introducing publ ic investments-- such as those mandated by water quality
programs-- requires that the resources support ing them displace either private
consumption or pr ivate investment. An efficient allocation of resources means
that these investments earn a return at least equal to the marginal return on
capital  or the consumption rate of interest that would be required for these
a l t e rna t i ve  uses  ( i . e . , p r iva te  investments  or  consumpt ion) . I f  i t  i s  a l s o
assumed that all individuals are alike with respect to factors determining their
rates of time preference,
the market rate.

society’s overall rate of time preference should equal

The impl icat ion for  se lec t ing a  d iscount  ra te  for  the water  qua l i ty  pro-
grams in an ideal society is that either the social rate of t ime preference or
the oppor tun i ty  cost  o f  cap i ta l  would  be appropr ia te  because they are the
same--i .e., bo th  a re  equa l  t o  t he  marke t  r a te  o f  i n t e res t . Unfor tunate ly ,
when the assumptions of the ideal case are relaxed, the two rates diverge.
These d ivergences exp la in  why the se lect ion o f  a  d iscount  ra te  for  pub l ic
sector investments has been such a difficult and often controversial issue.

*This section draws extensively on Lind et al. [1982].
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How To Determine the Discount Rate in a Less Than Ideal World

The selection of a discount rate for a benefit-cost assessment of a water
qual i ty program must be accomplished in a world considerably dif ferent from
that of the ideal economy. Some of the most important divergences from the
ideal economy can be attributed to the following factors:

The tax  on corporate  income, which drives a wedge between
the pr iva te  ra te  o f  re turn  and the ra te  o f  t ime preference.  A
higher rate of return on private investment is required to off-
se t  the  e f fec ts  o f  income taxes, which cause the d ivergence
between social and private rates.

The dependence of  fu ture generat ions on dec is ions made by
present generat ions. This dependence gives r ise to a “publ ic
good” - - the wel fare  o f  the fu ture  generat ions- - that  may not  be
included in the decisions of the private market.

Pr iva te  markets , w h i c h  m a y  b e  o u t  o f  l o n g - r u n  e q u i l i b r i u m
with an immediate discount rate dif ferent from the appropriate
long-term rate.

T h e  d e t e r m i n a t i o n  o f  t h e  a p p r o p r i a t e  p r i v a t e  m a r k e t  r a t e ,
which is di f f icult  because there are numerous capital  markets,
each with its own interest rate.

Publ ic  investment  do l la rs , which do not  necessar i ly  d isp lace
pr ivate  investment  do l lars  but  may ins tead use tax  revenues
that displace current consumption in the private markets.

Attempts to reconcile these divergences have created a complex literature
on the cr i te r ia  for  se lec t ing an appropr ia te  d iscount  ra te  for  pub l ic  invest -
ments  or  regu la tory  eva luat ions under  d i f fe rent  c i rcumstances. Lind [1982]
has d is t i l led  th is  l i te ra ture , conc lud ing that  the ra t iona le  for  d iscount  ra te
selection should be based on the full opportunity costs of capital.

Lind’s approach does not ignore the potential  divergence between socie-
ty’s social rate of t ime preference and the market rate of ’  interest. Rather,
he suggests that the social rate of discount be set equal to the social rate of
time preference and that the shadow price of capital be used to adjust for the
fu l l  oppor tun i ty  costs  o f  cap i ta l . The shadow price of capital  is def ined as
the present value of the future stream of consumption benefits associated with
$1 of private investment discounted at the social rate of time preference.

A benefi t-cost assessment to evaluate government investment decisions
based on this approach considers the impl icat ions that investments have for
consumption over t ime. The bas ic  quest ion to  be answered is ,  “What  does
publ ic investment displace?” To the extent  pub l ic  investment  d isp laces pr i -
vate investment, t ha t  po r t i on  o f  t he  cos t s  o f  t he  pub l i c  p ro j ec t  shou ld  be
valued at the shadow price of capital . T h a t  i s , the costs  o f  th is  por t ion  o f
the investment  are  va lued in  terms o f  the consumpt ion forgone. When the
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forgone consumption due to displaced investment is added to the balance of
t h e  c o s t s  ( i . e . , those displacing immediate consumption), all costs have been
converted to their equivalent losses in private consumption. Similarly, bene-
f i t s  t ha t  l ead  t o  i nc reased  p r i va te  i nves tmen t  shou ld  a l so  be  ad jus ted  t o
ref lect their potential  to yield future consumption streams. The adjustment is
to mult iply that share of the private investment by the shadow price of capi-
ta l . Th is  procedure ad jus ts  benef i ts  and costs  a t  each po in t  in  t ime and
expresses them in terms of the equivalent amount of consumption that could
be obtained.

Table 2-6 shows est imates of various parameters so that a pract i t ioner
could use this general procedure in a benefit-cost assessment. The estimated
va lue for  the marg ina l  re turn  on pr ivate  investment  in  Table  2-6  is  10 per-
cent. This approximation is based on judgment and the empirical relationship
that the est imated average return, adjusted for inf lat ion, is between 10 and
15 percent. More accurate measurements of the costs of capital are hindered
by the inconsistency between accounting data and economic concepts, and by
implici t  adjustments both for r isk in the returns to capital  data and for f i rms’
inconsistencies in fol lowing establ ished procedures to make capital budgeting
decisions.

Based on depreciable assets data for 1973, 1974, and 1975, the length of
the typical pr ivate investment is est imated at 15 years, with a range of 10 to
20 years. Based on empirical work on consumption and savings, the marginal
propensity to save is assumed to be 0.2.

Table 2-6. Summary of Final Description Factors Influencing
Shadow P r i ce  o f  Capital

Shadow Marginal
price of propensity
capital to save

Marginal
re turn on

private capital
(%)

Social rate
of time

preference
(%)

L e n g t h  o f  t y p i c a l
pr ivate investment

(yea rs )

1.62 to
2.57a

0.2 10 2 10 to 20

l.gb 0 . 2 10 to 15 2 to 6 15

aThis  row is based on Lind’s Table 4 comparing the shadow price of capital
under a range of assumptions for the social rate of time preference, marginal
return on private investment, and length of typical private investment.

bThis row is based on Lind’s discussion on pp. 101-102 of the unpubl ished
manuscript. T h e  r e t u r n s  o n  p r i v a t e  c a p i t a l  a r e  p r e - t a x  r e t u r n s . The
shadow pr ice  o f  1 .9  is  the cent ra l  va lue assoc ia ted wi th  the var ia t ions in
each of the parameters involved. The range o f  va lues was 1 .65 to  2 .15.
The range of  soc ia l  ra tes  o f  t ime preference are  repor ted to  ind icate  that
they would be consistent with this shadow price.
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In the procedure, the social rate of t ime preference is set equal to the
consumption r a t e  o f  i n t e r e s t  f o r  i n d i v i d u a l s . U n f o r t u n a t e l y ,  t h e r e  i s  n o
unique rate of interest in the real economy. But i t  is possible to gain some
ins igh t  i n t o  i nd i v i dua l s ’ r a tes  o f  t ime  p re fe rence  f r om the i r  sav ings  and
investment decisions. For example, the rea l  a f ter - tax  average ra te  o f  re turn
on treasury bi l ls (a safe investment avai lable to many people) over the period
1926 to 1978 was -0.5 percent for an individual in the 20-percent tax bracket,
and the re turn  on a  mutua l  fund conta in ing “average market ”  s tocks to ta led
4 .6  pe rcen t . For  ind iv idua ls , t he  rea l  r a te  o f  r e tu rn  mus t  l i e  somewhere
between the riskless treasury bill rate and the stock market equity returns.

Ad jus t ing for  the e f fec ts  o f  unant ic ipated in f la t ion shows that  the mar-
ginal rate of t ime preference must be in the range of -2 and 5 percent, with
the average close to 0. Regardless of the actual point est imate selected, i t
will be considerably different from the 10 percent real rate of discount recom-
mended by the Office of Management and Budget (OMB) for public investment
pro jec ts . *

The shadow price of capital  can be calculated from the est imates of the
other  parameters  fo l lowing L ind ’s  procedures. Specif ical ly, Lind est imates
that the most l ikely value is within the range between 1.65 and 2.15. Th is
shadow pr ice  is  then used as descr ibed above to  conver t  the benef i ts  and
costs into consumption equivalents.

Including Risk in an Assessment of Discount Rates

So far  the impl icat ions o f  uncer ta in ty  for  determin ing the d iscount  ra te
have been impl ic i t ly  ignored. S ince  t he  l eve l s  o f  bene f i t s  and  cos t s  a re
uncertain, there should be adjustments for the probabi l i t ies that a part icular
leve l  o f  each wi l l  occur . Depending on i ts  source and nature,  the uncer-
tainty can either be addressed in the choice of a discount rate or be direct ly
reflected in the measurement of benefits and costs. Alternatively, some com-
bination can be attempted. Each of these alternatives wi l l  be considered in
Volume II.

The main conclusion that can be drawn from the r isk studies covered in
Volume II  is that the characterist ics of the publ ic investment project,  together
w i t h  t he  re l a t i on  be tween  t he  va r i ab i l i t y  i n  t he  pub l i c  i nves tmen t  and  t he
var iab i l i ty  in  nat iona l  income, are cruc ia l  fac tors  in  determin ing whether  a
r isk less or  r isk-ad jus ted d iscount  ra te  should  be used in  an assessment  o f
publ ic investments. The  impo r tan t  r e l a t i onsh ip  t ha t  mus t  be  exp lo red  i s
whether water qual i ty program investments increase the variabi l i ty in national
income. For most of these applications, the effects of risk will be small, and
a riskless rate can be used.

*I t  is di f f icult  to interpret this rate as an est imate of the social  rate of
t ime preference. It  may well  be the equivalent to a recommendation that al l
projects be discounted at the marginal rate of return on private investment.
Additional confusion is added by the Water Resources Council [1979] guidelines
which t ie the discount rate to an index. The cur rent  ra te  in  th is  procedure
is 7-7/8 percent.
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What Are the Empirical Implications of the Discount Rate Issues?*

One of  the reasons for  the cont roversy concern ing the use o f  d iscount
rates is that the empir ical impl icat ions of the discount rate can have a sub-
stant ial  inf luence on the outcome of the benefi t-cost assessment. Fox and
Herf indahl [1964] reevaluated Federal water projects, previously evaluated at
a 2-5/8 percent discount rate, at new discount rates of 4, 6, and 8 percent.
Nine percent of the projects that previously had benefi ts exceeding costs at
2-5/8 percent experienced the opposite result  with a 4-percent discount rate;
64 percent experienced the opposite result  at a 6-percent rate; and 80 per-
cent  exper ienced the oppos i te  resu l t  a t  an 8-percent  ra te . The impl icat ions
a re  qu i t e  c l ea r : Most  o f  the pro jec ts  had costs  exceeding benef i ts  a t  the
h igher  d iscount  ra te , and al l  had posit ive benefi ts at the low 2-5/8 percent
rate.

Many water  program regula t ions or  pro jec ts  wi l l  have benef i ts  that  w i l l
accrue 10, 20, 30, or even 100 years in the future and costs that could be
subs tan t i a l  du r i ng  i n i t i a l  pe r i ods . For example, suppose  a  wa te r  qua l i t y
project requires a $1 million investment in 1982 and will provide $50 million in
recreation benefits at the end of 50 years. The net present values at di f fer-
ent discount rates would be as follows:

Discount rate Net present value

5 percent 3,336,186
8 percent 6,606

12 percent -826,990

As shown, the discount rate is crucial  in determining the ult imate assessment
o f  benef i ts  and costs . Th is  emphas izes the impor tance o f  the sens i t iv i ty
analysis recommended in Chapter 5, which shows that in some cases there will
be posit ive net benefi ts regardless of the discount rate, whi le in others the
outcome of the assessment is very sensitive to the discount rate applied.

Another  impor tant  empi r ica l  d is t inc t ion in  d iscount ing is  the d i f fe rence
between real and nominal rates of discount.
ra te  o f  in f la t ion.

The dif ference is the expected
Most  benef i t -cost  ana lyses are  conducted us ing constant

do l l a r  va l ues  f o r  t he  bene f i t s  and  cos t s .  I n  t hese  cases  t he  rea l  r a te  o f
discount should be used.

Benefit-cost assessments have employed real discount rates ranging from
0 to 4 percent, whi le the nominal rates have ranged from 8 to 16 percent.
The h igher  end o f  the sca le  for  nomina l  ra tes  represents  the in f luence of
recen t  h i gh  l eve l s  o f  i n f l a t i on  and  marke t  i n t e res t  r a tes . The d i f fe rence
between the real and nominal rates is quite substantial and indicates why it is
important not to mix the two in a benefit-cost assessment. For example, com-
pare the implicat ions of a real discount rate of 2 percent and a nominal rate
of 10 percent ( inf lat ion is expected to be approximately 8 percent).  With the

*This discussion is adapted from Just, Hueth, and Schmitz [1982].
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nominal rate used as the discount rate, society would be indif ferent between
$1 now and $13,780 in  100 years .  However ,  i f  a  rea l  ra te  is  employed,  the
d i f ference would  be $1 now versus $7.24 in  100 years . T h u s , a l t hough  i t
seems low,  g iven the h igh in terest  the economy is  cur rent ly  exper ienc ing,  a
real discount rate of 2 to 4 percent may make considerable sense in a benefit-
cost assessment where the long-term perspective is essential.

The Simple Mechanics of Discounting

This sect ion offers a br ief review of the mechanics of discounting. The
reader  is  urged to  consu l t  a  f inance tex t  for  present  va lue tab les and more
detailed discussions on discounting.

The discounting problem in a benefit-cost assessment is how to translate
bene f i t s  and  cos t s  occu r r i ng  i n  d i f f e ren t  pe r i ods  i n t o  a  common  bas i s  f o r
comparison. T h e  m o s t  f r e q u e n t l y  u s e d  b a s i s  i s  p r e s e n t  v a l u e ,  w h i c h  i s
defined as the amount of money at the present t ime that some future amount
is  wor th . Discount ing is  the process o f  comput ing the present  va lue o f  a
future stream of dollars.*

Consider a simple example that might arise in the assessment of a water
qua l i t y  s tanda rds  p rog ram. Suppose  a  S ta te  i s  cons ide r i ng  chang ing  t he
presently unattained use designation for a r iver segment from “f ish and wild-
l i fe propagation” to “ l imited warmwater f ishery.” In this case, there will be a
loss in potential  benefi ts, as wel l  as cost savings from the forgone pol lut ion
con t ro l  i n ves tmen t  f o r  c i t i e s  o r  i ndus t r i es . The  mone ta ry  va lues  f o r  t he
benefits and costs associated with this decision are as follows:

Year Benefi ts forgone Cost savings

1982 40,000 $100,000
1983 40,000 10,000
1984 40,000 10,000

The discounting problem is:

1. Select the appropriate discount rate.

2. T rans la te  f u tu re  bene f i t s  and  cos t s  i n t o  p resen t  va l ues  f o r
comparison.

The discounting formula for this procedure is:

*For  s impl ic i ty , assume a l l  do l lars  accrue at  the end of  each year  so
there is no need to account for differences within a year.
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where

P .V . = the present value factor for either benefits or costs

i = the discount rate

t = the time period.

The d iscount  fac tor  P.  V. i s  mu l t i p l i ed  by  t he  bene f i t s  o r  cos t s  f o r  each
per iod in  the p lann ing hor izon;  then the resu l ts  are  summed.  Suppose that
i = 4 percent with the monetary values for benefits and costs from above.
The discounting calculations are the following:

Benefi ts forgone = 40,000 +

Cost savings = 100,000 +

Benefits forgone = 40,000 + 38,462 + 36,982 = $115,444

Cost savings = 100,000 + 9,615 + 9,246 = $118,861

Net cost savings = $3,317

The change of the use designation wil l  y ield a small  posit ive cost savings. In
this example, the forgone benefi ts end in 1984. In most cases, they would
continue into the future for whatever t ime horizon is selected for the assess-
ment.

I f  the benef i t  (or  cost ) ,  s t ream is  constant  each year  a t  A for  the fu l l
l i fe of the project (assumed to be n years), the formula for the present value
can be rewr i t ten as  fo l lows, o f t en  re fe r red  t o  as  t he  p resen t  va lue  o f  an
annui ty :

where

P = present value

A = annual amount

i = discount rate.

Present  va lue may a lso be determined by us ing the tab les in  a  f inance or
accounting text. Another variat ion on the discounting mechanics is to trans-
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late amounts into annual values that can be compared. The formula for this
calculation, o f ten re fer red to  as  the un i form-ser ies  cap i ta l  recovery  fac tor ,
is:

A = P

Discounting: A Summary Review

While the arguments summarized above require the use of judgment for
each new s i tuat ion,  genera l  gu ide l ines do ex is t .  For  a  wide range of  water
qual i ty  programs, the social rate of t ime preference would range from 2 per-
cent to a maximum of 6 percent. The recommended procedure is to consider
the implications of each of these values for the discounted net benefits of the
decision.* I f  the present  va lue o f  net  benef i ts  is  pos i t ive  and the pro jec t
decision remains unchanged, i t  is unnecessary to further consider the techni-
ca l  issues a f fec t ing the se lec t ion o f  one va lue in  th is  range. However ,  for
those cases where the value of net benefi ts ( i .e.,  posit ive versus negative) is
a f fec ted by the d iscount  ra te , a more ref ined select ion is recommended that
considers the pract ical impl icat ions of Lind’s analysis. This process requires
answering four key questions:

1. What are the sources of the publ ic investment resources? Are
t h e y  t a x  r e v e n u e s  t h a t  c a n ,  i n  p r i n c i p l e ,  d i s p l a c e  p r i v a t e
consumpt ion or  investment?? In addi t ion, what  are the l ike ly
portions coming from each source? Answers to these questions
wi l l  a f fec t  the impor tance o f  es t imat ing the shadow pr ice  o f
capital.

2. How large are the pr ivate  investments  requ i red by the water
quali ty action? I f  t hey  a re  l a rge , adjustment by the shadow
pr ice is  l ike ly  to  be warranted to  re f lec t  the fu l l  oppor tun i ty
costs of these investments.

3. What is the nature of the r isk associated with the investment
and i ts relat ionship to overal l  economic act ivi t ies? The answer
t o  t h i s  q u e s t i o n  p r o v i d e s  a b a s i s  f o r  j u d g i n g  w h e t h e r  a n
adjument for r isk should be made in evaluating the project.  I f
most water qual i ty investments increase the variabi l i ty in eco-
nomic act ivi ty for a State (or the county as a whole), then the
selection will tend to be at the higher end of the range for the
social rate of time preference.

* In  some cases,  lega l  res t r ic t ions mandate  the use o f  a  spec i f ic  ra te ;
e.g.,  advanced treatment appl icat ions require the appl icants to use the Water
Resources Council’s rate of 7-7/8 percent.

./User  fees should  be regarded as payments  for  serv ices prov ided and
therefore do not displace private investment.
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4. Are the sources o f  f inance for  the pro jec t  known in  advance
( i . e . , Federa l  shar ing o f  a  loca l  pro jec t ’s  cost )?  S ince one
object ive of benefi t-cost assessment is to improve the overal l
al location of resources, any Federal share of the costs should
be t reated in  the same way as the loca l  share,  w i th  cons id-
eration given to the full opportunity costs of the funds used.

It is impossible to recommend a single rate of discount as relevant for all
s i tuat ions; Each decision may well have special attributes that will need to be

ref lec ted in  the se lec t ion. I t  is important not to let the technical considera-
t ions involved in defining the appropriate discount rate become overwhelming.
For  most  purposes, the 2  to  6  percent  range of  va lues wi l l  be a l l  that  is
necessary.

2 .6  Summary

intangibles should be viewed from society’s wi l l ingness-to-pay
benchmark even though they are incommensurable.

A r r a y s  o r  t a b u l a r  d i s p l a y s  a r e  u s e f u l  e x p o s i t i o n  t o o l s  f o r
intangibles.

Household impacts can be measured according to ability to pay
or ability to finance.

One measure of abi l i ty to pay is the rat io of compliance costs
to median household income.

Abil i ty to f inance is ref lected in a city’s bond market rat ing in
the financial community.

Industrial impacts can affect profits, output, and employment.

Distr ibution can be highl ighted in arrays showing who receives
and who bears.

Discount rates should be selected careful ly. Shadow price of
capi ta l  should  be cons idered in  gauging the fu l l  oppor tun i ty
cost of public investment.

A sens i t iv i ty  ana lys is  should  be per formed for  the e f fec ts  o f
select ing the discount rate. Several discount rates should be
t r ied.

The implicat ions of r isk should be considered for the discount
rate. The relat ionship between the variabi l i ty of investment or
outcomes of regulatory pol icy relat ive to variabi l i ty in national
income should be considered.
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Net  benef i ts  should  be determined on a  present  va lue bas is .
Formulae and tables should be used.

Real and nominal discount rates should not be mixed.
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